Public Health, Thailand, was used throughout this experiment, both in vivo and in vitro. The virus has undergone more than 50 consecutive suckling mouse brain passages by the following procedure and is maintained in our laboratory.
The infected mouse brains were harvested and kept in sterile test tubes at -80°C until use .
( b) Virus passage procedure : The brain of 3 mice, which had shown pathogenic symptoms, were obtained by decapitation and aseptic excision. The brains were aseptically emulsified with Dulbecco's phosphate buffered saline (PBS)32 ) ( Table   2 ) pH 7.2 at a final concentration of 10% W/V using the mortar and pestle.
This emulsion was centrifuged for 5 min at 1, 000 rpm and the supernatant was used as original virus suspension. Through all these procedure, the temperature was kept at 4°C. A dose of O. 02 ml of this original virus suspension diluted to 1: 100 with PBS was inoculated intracerebrally in newborn ICR mouse33)34). The solution was injected into the cortex of anterior cerebral lobe. Mice which died within 3 days after injection were regarded as due to technical accident and not used in the next passage. About 4 days after inoculation all mice showed hind limb paralysis typical symptom for dengue virus infection and died on that day or the next.
( c ) Assay of virus titer by estimation of LD50 : Virus virulence was determined by newborn (3 days) mice infectivity. That is a serial ten-fold dilution of virus suspension was prepared with PBS of 4°C and 0.02 ml of each dilution was injected into the mouse intracerebrally. A minimum of 3 mice was inoculated with each dilution. All mice were checked daily for characteristic signs of dengue infection such as tremor and flaccid, hind limb paralysis. The observation period was at least 2 weeks. Mice dying within 3 days after injection were regarded as technical accident and not included in the results. The LD50 titration in mouse was determined by this method. The experimental observations and results are shown in Table 3 . The infectious titer was maintained at 107-108 LD50 per 0.02 ml, calculated by the method of Reed & Muench35).
For maintaining this titer, frequent checks were made.
Group 2 (infected group) : Brain tissue was obtained from mice in the terminal stage of the infection with the H-241 strain of dengue-4 virus.
The method of emulsification and inoculation were as previously described. The infectious titer was determined by plaque formation").
The method of plaque assay is given below. The mice surviving this treatment were killed after 24, 48, 72 and 96 hours. Samples from the anterior frontal cortex were taken and ultrastructurally studied.
(B) in vitro :
( 1) Cell culture : The established kidney cell line of Cercopithecus aethiops monkey (Vero ce1037) was used throughout this experiment, since dengue-4 virus grows well in tissue culture of Vero cells.
Vero cells were maintained as confluent monolayer in Eagles minimal essential medium (MEM) 38) ( removed from the glass by shaking the bottle and the total content were aspirated by gentle pipetting. The trypsinized cells were washed with PBS (Table 2) and centrifuged 3 times, at 1, 000 rpm for 5 min. The purpose was to removed all trypsin solution. The cells were resuspended in 15 ml of a new growth medium. The resuspended cells were split into three 2 oz. Sani-Glas bottles and then cultured 3 or 4 days at 37°C in an incubator after the ascertaining that the cell count was about 10 x 104 cells/ml. The growth curve of Vero cell is shown in Fig. 2 . A monosheet was formed at 3 days.
A coverslip (10 x 22mm) was placed on the flattened area (15)< 30mm) of a Leighton tube (18 x 160min). On this coverslip, 1 ml of Vero cell suspension was deposited. A cellular sheet grew on the coverslip after 3 or 4 days incubation at 37°C. The cultures were infected with virus in the same way as described above. These specimens were used for the observation by light microscope.
( 2 ) Viable cell counting : Cells can be counted using a haemocytometer in the following manner. average, n is a count number and x is the total cell numbers per ml.
d. Finally, the suspended cells were diluted with MEM to give about 100,000 cells/ml. One ml of the suspension was placed into each of the tubes which were used to know the growth curve of Vero cells (see Fig. 2 ).
(3) Inoculation of dengue-4 virus into tissue cultures :
The infectious titer maintained at 107-108 LD50 per 0.02 ml by intracerebral injection of mice. This 10% emulsion of infectious brain tissue was prepared with Hanks' solution" and the pH was adjusted to 7.2 with 7% NaHCO3 (see above for method) ( Table. 5). A portion of 0. Due the same way, the electron microscopic samples were taken from the monosheet of Vero cells grown in 2 oz. Sani-Glas bottles after dengue-4 virus infection.
Virus virulence was determined by observation of CPE (TCID50)35). Ten-fold dilutions of virus were prepared with Hanks' solution and 0.05 ml of each dilution was inoculated S -125 in parallel series onto Vero cells tube cultures (1 ml/tube, about 100,000 cells/ml).
After adsorption at 37°C for 2 hours, each tube was washed 3 times with PBS, 2 ml of maintenance medium added, and then placed in the incubator at 37 °C for 2 weeks. To the 82 ml of suspension was then added 3 ml of inactivated fetal calf serum, the pH adjusted to 7. 2 by adding 4 ml of 7% sodium bicarbonate, 1 ml of penicillin (1, 000 unit/ml) and streptomycin (1,000 pg/ml) and 10 ml of nutrient Eagle's medium added and chilled at 4°C overnight.
The complete MC overlay medium could be used either immediately after preparation or after storage at -20 °C to -40 °C for several weeks.
The appropriate plaque developing time was 9-11 days in the CO2 incubator. The viscous methyl cellulose was removed and the cells fixed with methyl alcohol for 10 min First immunization : A 0. 2 ml portion of virus suspension was injected into a male rabbit (2 kg of weight) intracerebrally (frontal cortex). A second immunization of 0.5 ml of virus suspension intraperitoneally followed two weeks later. After another, a third immunization was done in the same manner as the second and a fourth immunization with 0. 5 ml of virus suspension intravenously was performed two weeks after the third immunization. A week after the final immunization the rabbits were test-bled and test-sera separated. Test-sera was also prepared at each immunization.
Hemagglutination inhibition (HI)46 titer of the test-sera was determined and if the titer was high and had reached a plateau, the rabbits were bled by heart puncture.
If the titer was low or in the logarithmic phase, additional intravenous immunization was performed by the method of the fourth immunization. The HI titer of each serum sample was usually more than 1: 2, 560.
Anti-dengue-4 immune serum was prepared from 5 male mice immunized with the H-241 strain of virus.
For the first immunization, a dose of O. 2 ml of virus (from infected suckling mouse brain) suspension diluted to 1: 10,000 with PBS was intraperitoneally injected into a male mouse (5-6 weeks after birth). The second immunization followed 5-7 days later and 0.2 ml of virus suspension, diluted to 1: 1,000, was intraperitoneally injected to a same male mouse. The third immunization was given 5-7 days after the second and 0.2 ml of virus suspension, diluted to 1: 100, was injected intraperitoneally. At one week after the third immunization, 0.2 ml of virus suspension diluted to 1: 10 was intraperitoneally injected as the fourth immunization, and the fifth immunization was done in the same manner as the fourth. One week later, the mice were bled by heart puncture. The HI titer of each serum was usually more than 1 : 2, 560. The HI test was carried out at every step.
(c ) Serum separation and Gamma globulin fractionation :
The rabbit was exsanguinated, the fresh blood placed in glass bottles, left standing in a slanted position for 30 min at room temperature and then for an addition 30 min at 37't in the incubator for clot formation.
The clotted blood was kept in the refrigerator for 12 to 24 hours to permit contraction. On the next day, serum was carefully removed with a Pasteur pipette and collected in the serum bottle. If the serum was contaminated with other blood components, it was centrifuged at 1, 000 rpm for 10 min and the supernatant was collected. Each serum of the same titer level was pooled. The antiserum was stored in a freezer at -20°C after inactivating.
Gammaglobulin was isolated by the ammonium sulfate precipitation method47). Ten ml of antiserum was diluted to 1 : 2 with 10 ml of physiological saline and 20 ml of saturated ammonium sulfate solution (pH was adjust with ammonium solution to 7.0) was slowly added (by drop wise) to 20 ml of the serum sample under constant stirring, thus effecting a half saturation. This suspension was kept at 4°C overnight with continuous stirring to avoid mechanical trapping of serum components other than gammaglobulin in the precipitate. On the next day, this suspension was centrifuged at 3,000 rpm for 30 min. The precipitate was dissolved in enough saline to restore to the volume of the original sample (20 ml). Purification of the gammaglobulin fraction was achieved by adding 10 ml of saturated ammonium sulfate (one third saturation) and repeated this procedure for second and third precipitation. The suspension was kept for 2 to 3 hours for the second and third precipitation, instead of overnight. The precipitate from the third precipitation was dissolved in PBS to a final volume of one-half or less than one-half that of the original serum sample. To remove the ammonium sulfate, the solution was dialyzed against PBS for several days. The dialysate was changed morning and evening, checking for ammonium ions with Nessler's reagent"). After dialysis was complete, the solution was removed from the cellulose tube and centrifuged at 3, 000 rpm for 30 min to remove insoluble materials which usually form during dialysis. Throughout this procedure, the temperature was kept at 4°C. The gammaglobulin solution was stored at -20°C until use. Kyoto, as a specific reagent for electron microscopy. This solution was subdivided to a certain volume and stored at 4°C. It was suitably diluted 1 : 10 with PBS just prior to use. Crystal Osat (product of E. Merck, Darmstadt) was obtained from Wakenyaku Co.
Ltd., Kyoto. It was dissolved in thrice-distilled water and made into a 4% solution.
The solution was kept in a double-cover brown bottle at 4 °C. It was also suitably 
RESULTS AND DISCUSSION
The cortex in the control group showed the ultrastructure which is in agreement with that described by Palay57), Luse58), Schultz59), Herndon") 61) . The endoplasmic reticulum of these normal neurons failed to reveal the presence of particular components such as those observed within the endoplasmic reticulum of the neurons of the infected group, but because of the injection of PBS they did show marked increase in vesicles and vacuole formation within the Golgi apparatus. The normal nerve cells showed an equal distribution of ribosome and endoplasmic reticula within the cytoplasm. The nucleus was spherical or oval and a double membrane was observed. Chromatin granules were distributed equally within the nucleus (Fig. 18) . At 72 or 96 hours no virus-like particles were found within the vesicles or endoplasmic reticulum in the control group. At 96 hours after infection, the cytoplasmic vacuoles contained numerous electrondense virus particles. These particles were densely aggregated at the side of the synapse vesicles (Fig. 22, 23, 24) . The electron micrograph of high magnification ( Fig. 24) revealed these particles have a characteristic internal structure.
They are consisting of an electrondense central core, measuring 25 nm in diameter, and less electrondense outer layer surrounding the core (envelope membrane) approximately 45-50 urn in diameter. This is the complete virus particle. At this stage, the mouse showed paralysis and appeared on the point of death.
Light microscopic observation of the central nervous system of mouse in the late stage (96 hours) of infection with dengue-4 virus showed diffuse degeneration, colliquative necrosis of ganglia cells and atrophy of microglia cells. These changes were seen in the Hematoxylin-Eosin stained preparation. The mouse died in days one or two (Fig -.7) .
Although the histopathological findings observed in the dengue-4 virus infected suckling mouse brain was in good agreement with those described by Craighead et al. 63 ) and Natth et al. 64) , the onset of illness in mice in these 2 works were delayed up to 4 days after dengue-3 infection.
The Giemsa stained cultures of uninfected 24 hours culture Vero cells showed very clear cytoplasm and neither degenerative change nor cytoplasmic granulation under the light microscopy. Some cells had two nucleolus and seemed to be divorcing into two cells (Fig. 8, 9 ). Uninfected Vero cells at this stage show active growth without any degenerative changes in the electron micrographs of ultra-thin sections. The nucleus was round. Two membranes of the nucleus and nuclear pores were clearly visible. Chromatin granules were distributed equally within the nucleus. The ribosome, mitochondria, ER and vacuoles were distributed throughout the cytoplasm. There were a few cytoplasmic protrusions on the cell surface (Fig. 25) . (Fig. 4) . At this stage, vacuolar degeneration was shown under the light microscopy by Giemsa stain (Fig. 10, 11 ) and CPE was observed for the first time. TCID50 was calculated about 105.5 per 0.05 ml (Table 6 ).
In the later period of infection, a number of electrondense particles, 25 nm in diameter, appeared in the cytoplasm of Vero cells. They were released into the vacuoles, becoming completed virions.
It is reasonable to assume that the electrondense particles may be maturing. They were found in the membrane-enclosed structures and have thus presumed as going budding process through the membrane. On the contrary, Om"), Blinzinger"), Therefore, 5-fold serially diluted antiserum was added to a equal volume of 1 : 2,000 diluted viral suspension and the PFU was counted. The results indicate that the dilution of serum capable for 50% plaque reduction is approximately 1: 266 (Fig. 5) . The results of plaque reduction neutralization test described above indicate that the H-241 strain of dengue-4 virus did not undergo any antigenic variation.
With immuno fluorescent antibody staining, bright fluorescence specific for virus antigens was observed in the cytoplasm of infected Vero cells and mouse brain tissues.
Distinct foci of fluorescence situated around the nuclei at the early stages of infection, gradually increased its brightness up to 24 hours in infected Vero cells (Fig. 12, 13) and 96 hours in infected mouse brain tissue (Fig. 14, 15) . The fluorescent foci observed in these preparation served to confirm further the identity of the test virus strain is dengue-4 virus.
The purpose of histochemical studies on the Vero cells is to evaluate ACP activity as an indicator for virus infection. Under light microscopy, the ACP reaction was positive in the cytoplasmic area of Vero cells after dengue-4 virus infection at 6 hours. At 12 hours after infection, the cytoplasm of the Vero cells contained ACP rich granules (Fig.   16, 17 ). These findings suggest that ACP is released in a metabolic response to viral infection before any cytopathogenic effect of the host cells is apparent.
Under the electron microscope, the ACP positive reaction was diffusely observed in the cytoplasm at 12 hours after dengue-4 virus infection (Fig. 34, 35, 36 ). On the other hand, ACP positive site in the uninfected cells were fewer and less dense (Fig. 37) . The results obtained in the present investigation indicate that ACP is very closely related to the membrane system of the endoplasmic reticulum8". It indicated an increase in the permeability of the lysosomal membranes due to virus infection. It should be kept in mind that the ACP activity found infected cell cultures should be carefully evaluated because of the fragility of cells artificially cultured in vitro.
The results obtained in the present work verified that dengue-4 virus grows in cultured Although both dengue and Japanese encephalitis (JE) viruses belong to the group B arboviruses, certain differences were noted between these two viruses grown in Vero cells. According to Hsue83) the ACP reaction was positive in the cytoplasm of host cells at 6 hours, CPE was observed at 30 hours and the infectious titer reach at the peak of about 107.2 PFU/ml at 72 hours after JE virus infection. In comparison of the data on JE apparent. Fig. 8, 9 . Vero cells taken from control group. Giemsa stain. Fig. 8, x 200 . Fig. 9 , x 400.
Neither degenerative change nor cytoplasmic granulation observed. (Fig. 12 , x400 ) and 24 hours (Fig.   13, x400 ). Immuno-fluorescent antibody stain. Bright fluorescence specific for dengue-4 virus antigens observed. 
